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RESULTS  OF  TESTS  OA63  AND  IA29  ON  AN  0.015-SCALE  MODEL 
OF  THE  SPACE  SHUTTLE  CONFIGURATION  lUO  A/B 
IN  THE  NASA/ARC  6-  BY  6-FOOT  TRANSONIC  WIND  TUNNEL 
By  R.  H.  Spangler*  and  D.  E.  Thornton* 

ABSTRACT 

Tests  were  conducted  in  the  NASA/ARC  6-  By  6-Foot  Transonic  Wind 
Tunnel  from  September  12  to  September  28,  1973  on  an  0.015-scale  model  of 
the  Space  Shuttle  configuration  lUo  A/B.  Surface  pressure  data  were  ob- 
tained for  the  orbiter  for  both  launch  and  entry  configuration  at  Mach 
numbers  from  0*6  to  2*0 

The  surface  pressures  were  obtained  in  the  vicinity  of  the  cargo  bay 
door  hinge  ana  parting  lines,  the  side  of  the  fuselage  at  the  crew  com- 
partment and  below  the  0MS  pods  at  the  aft  compartment.  Data  were  obtained 
at  angles  of  attack  and  sideslip  consistent  with  the  expected  divergencies 
along  the  nominal  trajectory.  These  tests  were  the  first  in  a series  of 
tests  supporting  the  orbiter  venting  analysis.  The  series  will  include 
tests  in  three  facilities  covering  a total  Mach  number  range  from  0.6  to 
10.4. 

This  report  is  published  in  three  volumes.  Volume  I contains  repre- 
sentative plotted  data  while  the  remaining  volumes  present  the  tabulated 
source-  data.  Integrated  Vehicle  tabulated  data  are  to  be  found  in  Vol- 
ume II  and  Orbiter  Alone  data  in  Volume  III. 
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introduction 


The  0. 015-scale  vent  preasure  model  C36-OTS)  was  tested  In  the  »ASA/ 

6-  by  6-Foot  Transonic  Wind  Tnnnel  over  a Mach  number  rang,  from  0.6 
to  2.0.  Test  IA29  of  the  launch  configuration  started  September  12  and 
continued  trough  September  25  and  OA63  of  the  entry  configuration  started 

September  25  and  continued  through  September  28. 

Pressure  data  were  obtained  to  enable  the  evaluation  of  orbiter  vent- 
ing requirements  during  both  launch  and  entry.  The  investigation  enco^ 
passed  angles  of  attach  and  aide  .Up  consistent  with  nominal  trajectory 

v'snnnirements . 
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NOMENCLATURE 

General 


SYMBOL 

a 

Cp 

M 

P 

q 

RN/m 

V 

a 

P 

* 

<f> 

P 


Ab 

b 

c.g. 

ij(EF 

c 

S 


SADSAC 

SYMBOL 

DEFINITION 

CP 

speed  of  sound;  m/sec,  ft/sec 
pressure  coefficient;  (p^  - p«)/q 

MACH 

Mjch  number;  V/a 

Q(NSM) 

pressure;  N/m2,  psf 

dynamic  pressure;  l/2pV 2,  N/m2,  psf 

Q(PSF) 

rn/l 

unit  Reynolds  number;  per  m,  per  ft 

ALPHA 

velocity;  m/sec,  ft/sec 
angle  of  attack,  degrees 

BETA 

an«le  of  sideslip,  degrees 

PSI 

angle  of  yaw,  degrees 

PHI 

angle  of  roll,  degrees 

mass  density;  kg/m^,  slugs/ft 3 


Reference  & C.G.  Definitions 


base  ares;  m2,  ft2 

BREF 

wing  span  or  reference  span;  m,  ft 

center  of  gravity 

LREF 

reference  length  or  wing  mean 
aerodynamic  chord;  m,  ft 

SREF 

wing  area  or  reference  area;  m2,  ft' 

MRP 

moment  reference  point 

XMRP 

moment  reference  point  on  X axis 

YNTP 

moment  reference  point  on  Y axis 

ZMRP 

moment  reference  point  on  Z axis 

SUBSCRIPTS 

b 

I 

t 

CO 


base 

local 

static  conditions 
total  conditions 
free  stream 
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NOMENCLATURE  (Continued) 
ADDITIONAL  NOMENCLATURE 


SADSAC 


SYMBOL 

SYMBOL 

DEFINITION 

X/Jt 

X/L 

longitudinal  location  on  orbiter  fuselage, 
fraction  of  body  length. 

feL 

ELEVON 

left  elevon  deflection  angle,  positive  trailing 
edge  down , degrees . 

* 

PHI 

angular  location  on  orbiter  fuselage,  degrees. 

CONFIGURATIONS  INVESTIGATED 


The  0.015-scale  model  was  a replica  of  the  Space  Shuttle  Configura- 
tion lUO  A/B  Orbiter  and  Vehicle  k external  tank  (ET)  and  solid  rocxet 
boosters  (SRB).  Though  the  attach  points  for  the  SRB  and  ET  were  m tne 
proper  location  no  attempt  was  made  to  simulate  the  actual  attach  con- 
figuration. Also,  the  external  feed  and  vent  lines  on  the  ET  were  not 

simulated. 

The  orbiter  was  instrumented  with  176  pressure  taps  on  the  left  side 
of  the  fuselage.  The  orifices  were  located  at  the  cargo  bay  door  hinge  and 
parting  lines,  on  the  side  of  the  fuselage  by  the  crew  compartment  and 
below  the  OMS  pod  at  the  aft  compartment.  The  ET  and  SBB's  were  not 
instrumented. 

The  pressures  were  measured  by  four  ±10  psid  Stathan  PM  131  TC  dif- 
ferential pressure  transducers  housed  in  four  type  S scanivalve  pressure 
multiplexors  driven  by  a single  solenoid  type  stepper.  Reference  and 
calibration  pressures  were  measured  by  the  facility  Exactel  micro  mane 
eters.  Reference  pressures  were  generally  set  equal  to  free  stream  static 

pressure. 

Two  configurations  were  tested.  During  launch  vehicle  testing  the 
SRB’s  were  attached  to  the  tank  and  the  ET  to  the  orbiter.  All  control 
surfaces  were  set  at  0°  deflection.  For  entry  configuration  testing  the 
SRB’s  and  ET  were  replaced  with  appropriate  off  blocks.  The  left  elevon 
was  set  at  -15°.  All  other  control  surfaces  remained  at  0°  deflection. 
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During  the  course  of  the  test  some  pressure  orifices  or  associated  tubing 
developed  leaks  or  became  plugged.  The  following  list  presents  these  dis- 
crepancies and  the  effected  runs . 

IA29 


Runs  JL-2U  leaks:  PI  1+1+ t 20U,  212,  1+28,  1+1+5 

pinched:  308,  312 

25-1+9  same  leaks 

pinched:  211,  P226 

50-86  sane  leaks 

pinched:  211,  226,  1+01*,  1+22 

87  reference  pressure  1 ak 

88  same  leaks  plus  1*26,  1+27,  1*29 

89-99  same  leaks 

pinched:  130,  1+02 

100-111  same  leaks 

pinched:  130,  210,  211,  1*02 

OA63 

112-199  same  leaks 

The  model  was  sting  supported  from  the  orbiter  base  in  an  inverted 
position.  Sting  adapters  were  used  to  provide  necessary  sideslip  angles. 
Leak  and  continuity  checks  of  the  instrumentation  were  made.  Due  to  an 
installation  error,  the  dangleometer  mounted  in  the  model  could  not  be 
used.  Installation  photographs  are  shown  as  figure  3. 

Test  IA29  was  conducted  as  planned  except  for  the  omission  of  M = 1.0 
testing  due  to  difficulties  in  setting  this  tunnel  condition  and  the 
questionable  resulting  data.  Other  data  at  Mach  numbers  close  to  M = 1 
were  obtained  but  should  be  utilized  only  after  qualitative  evaluation  of 
the  Sehlleren  photos  (figures  1*  and  5). 
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TEST  FACILITY  DESCRIPTION 


The  6-  by  6-Foot  Wind  Tunnel  of  the  NASA  Ames  Research  Center  is  a 
closed-circuit,  variable  pressure  facility.  The  test  section  has  a 
slotted  floor  and  ceiling,  allowing  for  continuous  operation  from  Mach 
number  0.25  to  2.20  at  stagnation  pressures  from  0.3  to  1.0  atmosphere 
for  a stagnation  temperature  of  560°R.  These  conditions  allow  Reynolds 
number  variation  from  1 to  5 million  per  foot  and  a dynamic  pressure 
range  from  200  to  1000  pounds  per  square  foot. 


TABLE  I. 


TEST  : IA29/OA63 


TEST  CONDITIONS 


MACH  NUMBER 


REYNOLDS  NUMBER 
(per  unit  length) 


DYNAMIC  PRESSURE 
(pounds/sq.  inch) 


3.58 

90 

L.LO 

90 

3.59 

90  . ~] 

5.70 

90 

L.85 

80 

5.95 

90 

5.52 

90 

M9  _ _ 

80 

5.U5 

90 

U.69 

80 

BALANCE  UTILIZED: 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


COMMENTS:  Model  was  instrumented  with  pressure  transducers 


TABLE  I 


Concluded 


TEST  • IA29/0A63 


IDATE  t SEP1 . ,1973 


TEST  CONDITIONS 


REYNOLDS  NUMBER 
(pec  unit  length) 


DYNAMIC  PRESSURE 
(pounds/sq.  inch) 


BALANCE  UTILIZED: 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


COMMENTS:  Model  was  instrumented  with  pressure  transducers 


DATA  SET/RUN  NUMBER  COLLATION  SUMMARY 


COEFFICENTS  IOVAR  (1)  IDVAR  12)  NOV 


DATA  SET/RUN  NUMBER  COLLATION  SUMMARY 


\r>  o 


ilii 


IA  YA 
«»> 


\s>  m 
ci  vO 


iSSSSSSSS 

SSSSSng 

Igggggggg 


SCHEDULES 


DATA  SET/RUN  NUMBER  COLLATION  SUMMARY 


IOVAR  (2)  NDV 
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TABLE  III.  - MODEL  DIMENSIONAL  DATA 


MODEL  COMPONENT:  BODY  - b:;a  

GENERAL  DESCRIPTION:  Orbitcr  Fuselage  Configuration  140  A/B 

NOTE:  Boa  identical  to  B?4  except  underside  of  fuselage  refaired  to 

accept 


Model  Scale  = 

0.015  _ 

DRAWING  NUMBER: 
DIMENSIONS: 

VL70 -000200 
VL70-0001*0A/B 

FULL-SCALE 

MODEL  SCALE 

{ ') 


♦ Length  (Body  nose  * 235)  " 
Max.  Width  (at  x0  = 152°)  " in> 
Max.  Depth  (at  x0  = 1464)  - in. 

Fineness  Ratio 
Area  - ft2 

Max-  Cross-Sectional 

Planfortn 

Wetted 

Base 

♦ ROTE:  Theoretical  body  length  used  in 

data  reduction  - in. 


1293.3 

262.0 


250.0 


V.  92*81 

340.88462 


1290.3 


19.T.3995  ■ 

3*93000 

3*73000 

*.92*81 

0.07670 


DRAWING  NUMBER 
DIMENSION: 


VL70-000140A 

. vi-7o-ooaiir\ 

FULL  SCALE 


length  (XQ=4 34.643  to  670) 
Max  Width  (0  X0-513.l2?) 
Mox  Depth  (3  XC-4S5.0) 
Finene**  RoHo 
Areo 


235.357 
352.412 
25.000  ' 


MODEL  SCALE 

3*53036 

2.2B61A 

0.37500 


Max  Cttoss*- Sectional 
Plonforn 


?*iVWt:?'*** if* 


| 


* 
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TABLE  ill.  - Continued. 

• • 

MODEL  COMPONENT:  TI.^CN  - E26 

GENERAL  DESCRIPTION:  Conflgurr-ticn  4 : 

Data  for  (3)  of  (2)  sides.  Identical  to  P.js  except 
airfoil  thickness 

Model  Scale  » 0*015 

VLVO-000200 

DRAWING  NUMBER:  VL70-000140  A/B  • 


DIMENSIONS: 

FULL-SCALE 

MODEL  SCALE 

Area 

223- 5 £14 

0.0S03I 

Span  (equivalent) 

‘ 368.34 

— 24^519 

Inb'd  equivalent  chord 

119.623. 

1.79^34 

Outb'd  equivalent  chord 

55.1922 

0,88766 

Ratio  movable  surface  chord/ 

total  surface  chord 

At  Inb'd  equiv.  chord 

0.2096 

0.2096 

At  Outb'd  equiv.  chord 

0.4004 

0.4004 

Sweep  Back  Angles,  degrees 

...  Leading  Edge 

0.00 

- 0.00 

. \ V Tailing  Edge 

-10.056 

-10.056 

Hingeline 

0."0 

0.00 

Area  Moment  (Normal  to  Ivinge  line) 
\ 

851.1502 

0 >00267 

21 
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I 


* 


-■  r vmuif  i m'j  > 1 ■ u * i* j a y i r^vvswf'i'^.mwin  • 


TABLE  III*  - Continued. 
MODEL  COMPONENT;  Body  Flap  - FR 
GENERAL  DESCRIPTION;  Confi<?,invtion  4 


MODEL  SCALE?  0.01S  . 

Model  Scale  - 
DRAWING  NUMBER 

DIMENSION: 

Length  in. 

Mox  Width  in- 
Max  Depth  in. 

Fineness  Ratio 
Areo  - ft2 

Max  Cross-Sectional 

Platform 

Wetted 

Base 


. VL70-0001AOA/B,  VL70-000200 

FULL  SCALE 

94.856 

262.308 

23.000 


158.85350 

41.89642 


MODEL  SCALE 

1.42284 

3.943462 

_0 .34500 


&03574 


0.00943 


I 


i 


i 
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TABLE  III.  - Continued. 


iwmu j vvm  va*Mi4  • ^ 

GENERAL  DESCRIPTION: 

-I — 

Configuration  3A 

MODEL  SCALE:  0.015 

DRAWING  NUMBER: 
DIMENSIONS: 


VL70 -OOOl^OA / B 
VL7Q -0001^5 


Length  (OMS  Fvd  Sta.  Xq  = 1233-0)  IN. 
Max.  Width  (@  Xq  = 1450.0)  - IN. 

Mix.  Depth  (@  Xq  = 1493-0)  - IN. 

Fineness  Ratio 
Area 

Max.  Cross-Sectional 

Planform 

Wetted 

Base 


FULL-SCALE 

327-000 

9*-5 

109.000 


model  scale 
4.9050 

hhni  - 


1-6350. 
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TABLE  III.  - Continued. 


MODEL  COMPONENT:  BSP.M  NOZZLES  N25 


GENERAL  DESCRIPTION:  Configuration  3A  BSRM  Nozzles 


Model  Scale  * 


DIMENSIONS 

MACH  NO,  

DIAMETER  DEX  IN  (One  Nozzle) 

DIAMETER  .DT  IN 

DIAMETER  DIN  ~ IN 
ON ~ DEGREES 


FULL-SCALE  MODEL  SCALE 
-Ul»3  2,11950 


AREA  - FT2  (One  Nozzle) 
MAX  CROSS-SECTIONAL 
GIMBAL  ORIGIN 

LEFT  NOZZLE  ~ IK.  F.S. 
RIGHT  NOZZLE  - IN.  FS 
NULL  POSITION  - DEO. 

LFFT  NOZZLE 
RIGHT  NOZZLE 


108.89595  0,02450 


-Jk. 

_ y0 

Z0 

1825.3 

-243 

400 

1825.3 

+243 

400 

PITCH  YAW 


+8 +8 

+8 +8 
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TABLE  III.  - Continued. 


MODEL  COMPONENT : RUDDER  - R$ 


GENERAL  DESCRIPTION: 


3A  Configuration 


Model  Scale  = 0.015 


DRAWING  NUMBER: 


VL70-000146A 


DIMENSIONS: 

Area  - FT2 

Span  (equivalent)  - IN. 
Inb'd  equivalent  chord 
Outb'd  equivalent  chord 


FULL-SCALE 


L06.38 


201.0 


91.585 


■50*821 


Ratio  movable  surface  chord/ 
total  surface  chord 


At  Inb'd  equiv.  chord 
At  Outb'd  equiv.  chord 
Sweep  Back  Angles,  degrees 
Leading  Edge 
Tailing  Edge 
Hingeline 

Area  Moment  (Normal  to  hinge  line)-  FT3 


0.400 


0.400 


34.83. 


26.21. 


34-83. 


Product  of  Area  and  Mean  Chord 


25 


yy 


MODEL  SCALE 


0.0233k- 


3.01500- 


ll3Z3Zfi- 


Q.7624Q 


0.400 


0.400 


JkJL 1 


26.25- 


34..?! 


0.00178 


1 
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TABLE  III.  - Continued. 


MODEL  COMPONENT:  BOOSTER  SOLID  ROCKET  MOTOR  - S12 


GENERAL  DESCRIPTION:  Configuration  3A,  Data  for  (l)  of  (2)  sides. 


Model  Scale  = 0.015 


DRAWING  NUMBER 


VL72-000088A 
VL77 -000036A 


DIMENSION: 


Length  (Includes. Nozzle)  - IN. 
Max  Width  (Tank  Dia)  - IN. 

Max  Depth  (Aft  Shroud)  - IN. 


Fineness  Ratio 


Area  - FT2 


Max  Cross- Sectional 


Planform 


Wetted 


WP.of  BSRM  Centerline  (Zt)  - IN. 


FS  of  BSRM  Nose  (XT)  - IN. 


FULL  SCALE 


1741*0 


142.3 


192.0 


9.06771 


201.06193 


MODEL  SCALE 


26.115 


9.06771 


0.04524 
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TABLE  III.  - Continued. 


MODEL  COMPONENT:  EXTERNAL  TANK  - Tl? 


GENERAL  DESCRIPTION:  External  Oxygen  Hydrogen  Tank 


NOTE : Identical  to  Til  with  external  fu?l  3.incs  added 


DRAWING  NUMBER 


VL72 -000086a 

VL7C-Q000UL  B 


DIMENSION: 


Length  - IN.  (Nose  Q XT  - 309) 
Mok  Width  (Die)  - IN. 

Mox  Depth 


Fineness  Rotio 


Areo  - FT2 

Mox  Cross-Sectionol 


Plonform 


Wetted 


WP  of  Tank  Centerline  (Z-p)  - IN* 


FULL  SCALE  MODEL  SCALE 


5.75617 


5.75617 


572.555 


0*12882 


6.000 


TABLE  III.  - Continued. 


f 


MODEL  COMPONENT:  VERTICAL  -Vo 

GENERAL  DESCRIPTION:  . Ccnfi g»r& t ion  3A 
KO??r:  fiir.llcr  tr  V5  w:.th  radius  cr.  Tli 

where  vertics.1  rreets  fuselage. 


uvper  corner  f r.d  U\  lc 


; ?TcdeI  = Q^15 

DRAWING  N'J:-3£R: 
DIMENSIONS: 


'VLTC-OC^Un/B 
V 1-70-0001/- 6A 


TOTAL  DATA 

Area  (Theo)  Ft2 
PI an form 
Span  (Theo)  In 
Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sweep  Back  Angles,  degrees 
Leading  {&£& 

Trailing  Edge 
0.25  Element  Line 
Chords: 

Root  (Theo)  WP 
Tip  (Theo)  WP 
MAC 

Fus.  St A,  of  ,25  MAC 
W.  P,  of  ,25  MAC 
B.  L.  of  ,25  MAC 
Airfoil  Section 

Leading  Wedge  Angle  Deg 
Trailing  ’.'edge  Angle  Deg 
Leading  Edge  Radius  (:*in)  - IN. 
Void  Area 
Blanketed  Area 


FULL-SCALE 


413.253 

315. 7.70  ' 

.Orffi 

0.507 

0.40399 


45.00 

25.9Z.7 

41.130 


26P.50Q 
109. 4^0 
' 199.P0756 



QJ22 


10.00 


1^.17 


0,00 


r corner 


MODEL  SCALE 


0.09298 


0. 507 


0.40399 

<*> 

45.00 

25.9V? 

il.13) 


kjozjsa 
■U*627D5... 
-2.99711- 
21.95230  ■ 
9.53283 
-0.00 

10.00 

14.970 

-Q.Q3Q0 . ■ 

—0.00296 , 

-&£Q 
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TABLE  III.  - Concluded. 


MODEL  COMPONENT:  WING-Uns ..  

GENERAL  DESCRIPTION:  Configuration  4 

MOTE:  Identical  to  W114  except  airfoil  thickness.  Dihedral  angle  is  along 


trailing  edge  of  wing. 


Model  Scale  « 0,015 
TEST  NO. 


DUG.  NO. 


VL70-0001*Oa/b 

VL70-Q00a00 


DIMENSIONS: 

TOTAL  DATA  9 

Area  U'heo.)  Ft2 
Planforra 

Span  (Theo  In. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  degrees(at  Xq* 1506. 623, Y0* 
Incidence  Angle,  degrees  10S,  Z©*  282.75) 
Aerodynamic  Twist,  degrees  . 

Sweep  Back  Angles,  degrees 
Leading  Edge 
Trailing  Edge  . 

0.25  Element  Line 
Chords: 

Root  (Theo)  B. P.0.0. 

Tip,  (Theo)  B.P. 

MAC 

• Fus.  Sta.  of  .25  MAC 
. W.P.  of  .25  MAC 
B.L.  of  .25  MAC 

* EXPOSEO  OATA  7 
Area  iineo ) Ft4 

Span,  (Theo)  In.  BP108 
Aspect  Ratio  , 

Taper  Ratio 
Chords 

RootBP108 
Tip  1.00  b 

7 

MAC 

Fus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 

B.L.  of  .25  MAC  x 

Airfoil  Section  (Rockwell  Mod  NASA) 
XXXX-64 

Root  b ■ 0.425 

i 

Tip  b - 1.00 

7 

Data  for  (1)  of  (2)  Sides 
Leading  Edge  Cuff  * 

Planform  Area  Ft6 

Leading  Edge  Intersects  Fus  M.  L.  0 Sta 
Leading  Edge  Intersects  Wing  0 Sta 


FULL-SCALE  MODEL  SCALE 


isym 

1,171- 

-m 


0-500  - 
♦3.000 

45.00 
-10:U56'“ 
35.209  . 


689.2429 

iUMST 
474  t?  112— 
U26.721  . 

291.00  - - 

1812.2205 

736.6816 

3,95?.- 

0.2451 

,5.?q!^2^Q — 

137.8512  _ 

354.2376 
' 1164.257 

292.00 
239.67786 


0.113 


0.12 


n.soO 

♦3.000 

45.00 

-lir.ubu  " 

35.209  X 


2.058 


0.2451 

3.06777 

U4356 

Ljaaoft 

3*59513 

0.113 


0.12 
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TABLE  IV.  - PRESSURE  TAP  LAYOUT 
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Figure  2.  - Model  sketches, 


J 


(c)  One-quarter  view  model  36-OTS  installed  in  ARC  6-  by  6-Foot  Wind  Tunnel. 
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mr 
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Figure  U.  - Continued. 


T" 


T 


Mach  =1.5,a=6°,  3=0° 


b. 


Figure  5.  - Continued. 

kd 


c.  Much  = 1 J* , a = 6° , B = 0° 
1*’  i r uro  \y . - ('on  t i nued . 

Uo 


e.  Mach  = 1.15,  a = 6°,  3 = 0° 
Figure  5.  - Continued. 

51 


f.  Much  = 1 .JO,  a = 6°,  p = 0° 


Figure  - (’ont.j  jiuod. 


DATA 


FIGURES 


VOLUME  I 

See  Volumes  II  (IA29)  and  III  (OA63) 
for  tabulated  data  listings. 
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